The new technique of molecular imprinting has increasingly been adopted by research laboratories worldwide during the last few years. We have studied the use of such imprints against drugs as artificial antibody-binding mimics in competitive radioimmuno-style binding assays. The recognition sites "molded" in the polymers mimic the binding sites of natural antibodies in their interactions with the target antigen. Binding constants are as low as 4.0 nmol/L for a small number of well-defined sites, and cross-reactivities are similar to or better than those observed with biological antibodies. In some cases, the polymers have been used to determine drug concentrations in human serum specimens. in combination with some form of transducer that detects the binding of antigen and antibody directly [6] . These techniques have in common as a first step the binding of analyte to an antibody that, except in a few immunoassay configurations, is immobilized to some form of solid phase. The binding utilizes the exquisite recognition properties of an antibody for an antigen, such that the antigen fits exactly into the antibody binding site, whereas other, even structurally related, compounds are excluded from the site.
one of the greatest challenges in bioorganic chemistry. One technique increasingly being adopted is molecular imprinting [8] [9] [10] , in which a print molecule or template is allowed to form reversible covalent or noncovalent interactions with polymerizable monomers, which are then polymerized in the presence of a cross-linking monomer and porogenic solvent ( Fig. 1 (relative 1C50-values, the concentrations of the individual compounds that displace 50% of the bound radiolabel) of artificial antibodies [14] . The KD values are easily determined by simple Scatchard-type analysis [15] . The polycbonal nature of the artificial antibodies obtained by the imprinting protocol results in nonlinear Scatchard-plots, but a two-or three-site model is usually adequate for a clear estimation of the binding characteristics of the antibodies.
Results and Discussion
It is important to consider the nature of the recognition sites in MIPs and the structures of the actual materials. The polymers we have studied are rigid solids ground into small particles (typically 5-25 j.tm in diameter). These particles are readily suspended in aqueous or organic media and can be separated from solution by simple centrifugation. Each particle ispenetrated by a network of pores, the number and size of which depend on the exact conditions used in the manufacture of the very limited flexibility in the polymer structure. However, this also gives rise to the great robustness of the materials and their ability to retain their recognition properties even under harsh conditions.
The recognition sites may be at the liquid-solid interface in the pores, in which case the binding of the print molecule will occur rapidly, or may be buried within the solid structure, in which case the print molecule will take much longer to diffuse through the rather inflexible polymeric chains. Importantly, the exact arrangement of the polymer chains and fimctional groups around each recognition site differs. This means that a range of recognition sites are present, recognizing differing features of the print molecule, such that some are highly selective for the print molecule and some less so-a situation akin to that in a sample of polyclonal antibody. The actual interactions contributing to the selectivity of the recognition sites, mainly hydrogen bonding and ionic interactions, are much stronger in organic solvents than in aqueous media. Hence, the recognition specificities observed are higher when these artificial antibodies are used in nonaqueous media. Much research effort continues to be invested in improving the properties of imprinted polymers. These efforts are directed particularly at increasing the number of highly selective recognition sites while reducing the number of less-specific sites, and at improving the recognition properties of the polymers when used in aqueous media. Table I summarizes the physical characteristics of the polymer particles.
The wide variety of techniques developed for determination of analytes by immtmoassay includes various configurations of RIA [2] and ELISA [3] . Historically, the most decisive step in the development of these techniques was the immobilization of antibody to a solid phase, which simplified enormously the separation of bound antigen-antibody complexes.
The first reported solid-phase immunoassay, developed to detect human growth hormone, was based on the competition of unlabeled analyte and radiolabeled antigen for binding to polyclonal antibody immobilized on a polymer [17] ; after an incubation period, the polymer was removed, and the radioactivity remaining in the supernatant was recorded. The radioactivity bound to the polymer was inversely correlated to the amount of unlabeled analyte present.
The molecularly imprinted sorbent assay (MIA) is precisely analogous to this early RIA, except that the polymer-bound Table 2 lists the compounds that have so far been molecularly imprinted and analyzed by MIA. The first examples were the bronchodilator theophylline and tranquilizer diazepam. These drugs were imprinted and the polymers used for measurement of their concentrations in blood samples by radioligand-binding assays [11] . The drugs were first extracted into organic solvents (dichloromethane:isopropanol, 4:1 by vol) and then allowed to compete with radiolabeled drug for the recognition sites in the polymer. Calibration curves were recorded by measuring samples to which known drug concentrations had been added, and then real samples were measured by using these curves. Detection limits of the assays (defined as the concentration of ligand required to displace 10% of the bound radioligand) were 3.5 Mm0IJL for theophylline and 0.2 tmol/L for diazepam. Moreover, the results showed excellent correlation with those obtained by Emit#{174} [19] (Fig. 3) .
We also tested various related compounds in the MIA and determined their IC50 values. The cross-reactivities were com- 
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CompetitIve iigand
Theophylline imprints8
Theophylline (1,3- Recently, MIPs have been prepared with cortisol and corticosterone as target molecules [23] . The corticosteroids are of clinical interest for (e.g.) assessing the functional status of the adrenal cortex and are routinely analyzed by methods such as RIA and ELISA [24] . In addition, these compounds are interesting targets for molecular imprinting because the rigid structure of the fused ring-system means that the number of confor-100 mations the molecules may adopt in their interactions with 2 recognition matrices is small, resulting in a low loss of entropy <1 on binding and hence a higher binding strength [25] . However, <1 noncovalent molecular imprinting is highly dependent on polar <1 interactions, and the number of points capable of such interac-<1 tions in steroids is small. We estimated the binding characteristics for a range of structurally related ligands by MIA analyses in organic solvents. The prepared antibody mimics were highly <1 selective for the ligands that had been used in their preparation, and the cross-reactivities with related structures resembled those 100 obtained in studies with natural antibodies. Scatchard analyses to estimate the strength of binding of the 32 imprint molecule clearly showed (Fig. 4) Sugar derivatives have also been studied. Sugars have previously been studied extensively with covalently imprinted polymers, the polymers having been used successfully in chromatographic separations.
The first report of the imprinting of sugar derivatives included a MJA analysis of the recognition properties of the resulting polymers [32] . A polymer imprinted with octyl-a-D-glucoside bound methyl-a-D-glucoside with impressive epimeric selectivity, the IC50 for methyl-a-D-glucoside being two orders of magnitude lower than that for methyl-a-ngalactoside (which differs only by the orientation of one hydroxyl group). Analyses in this case were performed in organic solvent because of the poor solubility of the analytes in aqueous media. The use of a template for the imprinting procedure that differs from the antigen used in the analysis reflects the better solubility of the octyl-analog.
Use nmol/g and 11 .tmolJg, respectively.
The IC50 for yohimbine was three orders of magnitude lower than that for corynanthine in organic phase, the difference being reduced to two orders of magnitude in aqueous phase. reasons, the preparation of artificial antibodies specific for proteins is more difficult. A major focus of our current work is on the extension of these techniques to aqueous media and macromolecules.
Conclusions
